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(54) [Title of the Invention] 

PRODUCTION METHOD OF ASTAXANTHIN FATTY ACID ESTERS 

(57) [Abstract] 
[Problem to be Solved] 

To provide a production method of astaxanthin fatty acid 
diesters . 
[Solution] 

A production method of astaxanthin fatty acid diesters 
characterized in that a lipase is used in performing 
esterif ication reaction using astaxanthin and a fatty acid. 
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[Claims for the Patent] 
[Claim 1] 

A production method of an astaxanthin fatty acid monoester 
or an astaxanthin fatty acid diester characterized in that a 
lipase is used in performing esterif ication reaction using 
astaxanthin and a fatty acid. 
[Claim 2] 

The production method of an astaxanthin fatty acid monoester 
or an astaxanthin fatty acid diester according to claim 1 
wherein said fatty acid is a linear or branched, saturated or 
unsaturated fatty acid having 14 to 22 carbon atoms. 
[Claim 3] 

The production method of an astaxanthin fatty acid monoester 
or an astaxanthin fatty acid diester according to claim 1 or 2 
wherein one or more selected from lipases derived from 
microorganisms of genus Candida, lipases derived from 
microorganisms of genus Chromobacterium and lipases derived from 
animal pancreas are used. 
[Claim 4] 

A production method of an astaxanthin fatty acid diester 
characterized in that a lipase is used in performing 
esterif ication reaction using an astaxanthin fatty acid 
monoester and a fatty acid. 
[Claim 5] 

The production method of an astaxanthin fatty acid diester 
according to claim 4 wherein said fatty acid is a linear or 
branched, saturated or unsaturated fatty acid having 14 to 22 
carbon atoms . 



- 2 - 



[Claim 6] 

The production method of an astaxanthin fatty acid diester 
according to claim 4 or 5 wherein one or more selected from 
lipases derived from microorganisms of genus Candida, lipases 
derived from microorganisms of genus Chromobacterium and lipases 
derived from animal pancreas are used. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to a production method of an 
astaxanthin fatty acid monoester or an astaxanthin fatty acid 
diester. More specifically, the present invention relates to a 
production method of an astaxanthin fatty acid monoester or an 
astaxanthin fatty acid diester characterized in that the 
production is conducted by using a lipase in performing 
esterif ication reaction using free astaxanthin or an astaxanthin 
fatty acid monoester and a fatty acid. 
[0002] 

[Conventional Art] 

Astaxanthin is generally a pigment represented by the 
following formula [1]. 
[0003] 
[ Formula 1 ] 

CH, _ CH 3 CHg CH 3 

■CH=CH-C=CH-CH=CH-C=CH-CH= - 
HO — k JJ — CH~ 





CH q CH, 

=CH-CH=C-CH=CH-CH=C-CH=CH 

CHg — k!^ J — OH 

• • • en 

[0004] 

It has been disclosed that astaxanthin is used for food, 
pharmaceutical agents and cosmetics (Japanese Patent Laid-Open 
No. 8-245335), color tone- improving agents for cultured fish 
such as red sea bream, salmon, trout, young yellowtail fish 
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(Japanese Patent Laid-Open No. 49-79 895, Japanese Patent Laid- 
Open No. 57-58860, Japanese Patent Laid-Open No. 4-349856) and 
so on. It has been recently reported that astaxanthin has 
functions such as an antioxidant function (Japanese Patent Laid- 
Open No. 2-49091), an effect of eliminating active oxygen free 
radical (Japanese Patent Laid-Open No. 6-145062), an antitumor 
effect (Carcinogesis , Vol. 15, page 15, 1994), an antistress 
effect (Japanese Patent Laid-Open No. 9-124470). Astaxanthin 
accumulates in crustaceans such as krill, shrimps and crabs, 
spawns such as salmon roe, yeasts, algae, genetic modified 
microorganisms (Bioscience and Industry, Vol. 53, page 1036, 
1995), etc. As production methods of astaxanthin, methods of 
extracting from shells of crustaceans with a solvent (Japanese 
Patent Laid-Open No. 58-88353, Japanese Patent Laid-Open No. 9- 
301950), a method of extracting from krill oil in a 
supercritical state (Japanese Patent Laid-Open No. 60-35057, 
Japanese Patent Laid-Open No. 60-4558, Japanese Patent Laid-Open 
No. 6-200179), a method of solvent extraction from Phaffia yeast 
(Monthly Food Chemical 1994 (November issue), page 63, 1994, 
Food Industry 1994 (December issue), page 30 and page 47, 
Japanese Patent Laid-Open No. 8-283) and so on are known. In 
addition, chemical synthetic process of astaxanthin is disclosed 
by Japanese Patent Laid-Open No. 52-68157, Japanese Patent Laid- 
Open No. 55-388, Japanese Patent Laid-Open No. 5-65290, etc. 
[0005] 

Astaxanthin accumulated in organisms is present as free 
astaxanthin to which no fatty acid is linked, an astaxanthin 
fatty acid monoester to which one molecule of a fatty acid is 
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linked through an ester bond or an astaxanthin fatty acid 
diester to which two molecules of fatty acids are linked. For 
example, krill and American crawfish have free astaxanthin or 
astaxanthin fatty acid di- or mono-esters whereas almost all 
astaxanthin produced by organisms such as Phaffia or 
haematococcus is free astaxanthin (Food and Development Vol. 27 
(No. 3), page 38, 1992). As for stability against oxygen, heat 
and/or light, astaxanthin fatty acid di- or mono-esters are more 
stable than free astaxanthin. As for absorption efficiency in 
the enteric canal, astaxanthin fatty acid di- or mono-esters are 
superior to free astaxanthin {Food and Development Vol. 27 (No. 
3), page 38, 1992}. Ability of eliminating singlet oxygen and 
activity of trapping/eliminating free radicals and active oxygen 
are exhibited only in free astaxanthin, and astaxanthin fatty 
acid diester does not have such an effect {Food Style 21. Vol. 1, 
page 73, 1997}. Astaxanthin fatty acid di- or mono-esters are, 
however, hydrolyzed by enzymes when absorbed at the enteric 
canal and turns to free astaxanthin in a body, which exhibits 
effects of eliminating singlet oxygen and trapping/eliminating 
active oxygen {Food and Development, Vol. 27 (No. 3), page 38, 
1992}. Ester types are superior to oils and fats in solubility. 
Whereas free astaxanthin can dissolve by around 50 ppm, ester 
type astaxanthins can easily dissolve by around 100 ppm, the 
latter widens application to foods and pharmaceutical agents. On 
this account, it is considered that there is no problem in 
orally taking astaxanthin fatty acid diester expecting 
antioxidant effect of astaxanthin in the living bodies at all. 
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[0006] 

Astaxanthin fatty acid diester is useful as above, and have 
a high stability as well as good absorption efficiency and 
application in the field of pharmaceutical agents and food can 
be expected but there are few reports about the production 
process thereof. As a method of fractionating to produce a fatty 
acid ester of astaxanthin from natural resources, there is known, 
for example, a method of fractionation by high performance 
liquid chromatography (hereinbelow abbreviated as HPLC)from 
krill extract (Japanese Patent Laid-Open No. 7-300421) but in 
this case, odor coming from krill cannot be removed and the 
above astaxanthin fatty acid ester is unfavorable as raw 
materials of food, pharmaceutical agents and cosmetics. When an 
astaxanthin fatty acid diester fractionated by HPLC is subjected 
to a method of steam distillation or known deodorization methods 
using adsorbents such as active carbon and/or activated soil, 
astaxanthin is decomposed or adsorbed, leading to remarkable 
decrease in the content thereof and the effect cannot be 
exhibited sufficiently. When astaxanthin derived from 
microorganisms is extracted, there is caused a problem that 
extraction efficiency of astaxanthin is poor since it is 
necessary to crush the cell walls of the microorganisms . In 
addition, almost all of the contained astaxanthin is free 
astaxanthin, which is not suitable as raw materials for 
obtaining astaxanthin fatty acid di- or mono-esters. Further, 
while a number of reports on chemical synthetic process of free 
astaxanthin have been made, there is no report on chemical 
synthetic process of astaxanthin fatty acid di- or mono-esters. 
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[0007] 

[Problems to be Solved by the Invention] 

The object of the present invention is to provide a method 
of efficiently synthesizing diester type astaxanthins which can 
be expected to be applied in the field of pharmaceutical agents 
and food and which have high stability and absorption efficiency. 
[0008] 

[Means for Solving the Problems] 

The present inventors have intensively conducted synthetic 
process of astaxanthin fatty acid diesters in consideration of 
the above problems, and consequently have found that use of a 
lipase, which is an enzyme, enables synthesis with good yield in 
the synthesis of astaxanthin fatty acid diesters from a fatty 
acid and free astaxanthin or an astaxanthin fatty acid monoester, 
and thus completed the present invention. That is, the present 
invention is the following (1) to (6). 

(1) A production method of an astaxanthin fatty acid 
monoester or an astaxanthin fatty acid diester characterized in 
that a lipase is used in performing esterif ication reaction 
using astaxanthin and a fatty acid. 

(2) The production method of an astaxanthin fatty acid 
monoester or an astaxanthin fatty acid diester wherein the fatty 
acid is a linear or branched, saturated or unsaturated fatty 
acid having 14 to 2 2 carbon atoms. 

(3) The production method of an astaxanthin fatty acid 
monoester or an astaxanthin fatty acid diester wherein one or 
more selected from lipases derived from microorganisms of genus 
Candida, lipases derived from microorganisms of genus 
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Chromobacterium and lipases derived from animal pancreas are 
used. 

(4) A production method of an astaxanthin fatty acid diester 
characterized in that a lipase is used in performing 

esterif ication reaction using an astaxanthin fatty acid 
monoester and a fatty acid. 

(5) The production method of an astaxanthin fatty acid 
diester wherein the fatty acid is a linear or branched, 
saturated or unsaturated fatty acid having 14 to 22 carbon atoms. 

(6) The production method of an astaxanthin fatty acid 
diester wherein one or more selected from lipases derived from 
microorganisms of genus Candida, lipases derived from 
microorganisms of genus Chromobacterium and lipases derived from 
animal pancreas are used in performing esterif ication reaction 
using an astaxanthin fatty acid monoester and a fatty acid. 
[0009] 

[Embodiments of the Invention] 

Astaxanthin used as raw materials in the present invention 
may be free astaxanthin or an astaxanthin fatty acid monoester, 
and it may a single compound or a mixture of the both. Free 
astaxanthin may be a compound obtained by chemical synthesis or 
a natural product obtained by extraction as mentioned above may 
be used. As for naturally occurring astaxanthin, free 
astaxanthin or astaxanthin fatty acid monoesters include 
astaxanthin derived from oils and fats produced by 
microorganisms such as Phaffia and haematococcus , and besides 
astaxanthins fraction extracted from crustaceans such as krill, 
shrimps and crabs as well as spawns. In addition, mixtures 



respectively containing free astaxanthin, a fatty acid monoester 
and a fatty acid diester of astaxanthin produced by the above- 
mentioned microorganisms and crustaceans can be used. 
[0010] 

The raw material fatty acid used in the present invention is 
preferably a linear or branched, saturated or unsaturated fatty 
acid having 14 to 22 carbon atoms. Specific examples thereof 
include fatty acids selected from palmitic acid, iso palmitic 
acid, stearic acid, palmit oleic acid, oleic acid, vaccenic acid, 
elaidic acid, linoleic acid, ct-linolenic acid, Y" linolenic acid 
(Y-LN) , conjugate linoleic acid (CLA), bishomo-Y-linolenic acid, 
arachidonic acid (AA) , eicosapentaenoic acid (EPA), 
docosapentaenoic acid (DPA) , docosahexaenoic acid (DHA) , etc. or 
mixtures of two or more kinds of fatty acids. Furthermore, oils 
by microorganisms such as genus Entomophthoracea, marine 
microalgae (genus Isochrysis) and Mucor (genus Mortierella) ; 
vegetable oils such as olive oil, rapeseed oil, saf flower oil, 
sunflower oil and corn oil; marine animal oils such as sardine 
oil, bonito oil, tuna oil, whale oil, cuttlefish liver oil, cod 
liver oil, dogfish liver oil and spawn oil; or mixed fatty acids 
obtained by purifying and condensing egg yolk oil and purified 
fatty acids . 

✓ 

[0011] 

As the lipase usable in the present invention, preferred are 
lipases derived from microorganisms of genus Candida {lipase 
derived from Candida cyndracea (Meito Sangyo Co., Ltd., product 
name: Lipase OF), lipase derived from Candida Antaretica (Novo 
Industry Co., Ltd., product name: Lipase SP382)}, lipases 
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derived from microorganisms of genus Chromobacterium {lipase 
derived from Chromobacterium viscosum, Asahi Chemical Industry 
Co. # Ltd., product name: Lipase AC} # lipases derived from animal 
pancreas, etc. As lipases of derived from microorganisms , 
lipases derived from mould fungi (Aspergillus niger) and those 
of genus Pseudomonas are included in addition to the above. As 
lipases derived from animal pancreas , commercially available 
products by Aldrich Corporation derived from pig pancreas are 
included. Either one of or two or more kinds of lipases selected 
from these lipases may be used. 
[0012] 

As the lipase to be used by the present invention, lipases 
immobilized on powders or carriers can be used. The 
immobilization of lipases is conducted following conventional 
methods, and conventional carriers such as silica gel, celite, k- 
carrageenan, chit in, sodium alginate {Bioreactor, 
supervised/edited by Saburo Fukui, Kodansha Scientific (1985), 
Jissen Bioreactor (Practice in Bioreactor), edited by Food 
Industry Bioreactor System Technique Study Association, 
Shokuhin-Kagaku Shimbun (1990)} are used as immobilizing 
carriers . 
[0013] 

The molar ratio of astaxanthin and a fatty acid to be used 
in the present invention is 2 to 20 times, preferably 5 to 10 
times as a fatty acid to free astaxanthin. When it is less than 
2 times mole, high content of astaxanthin fatty acid diesters 
cannot be attained and when it is increased to more than 20 
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times mole, remarkable improvement in the effect cannot be 
expected and therefore such ratios are not preferable. 
[0014] 

The amount of lipases to be used in the present invention is 
100 u (= unit)/mmol to 5000 u/mmol, preferably 500 to 3000 
u/mmol. When it is less than 100 u/mmol, astaxanthin fatty acid 
diesters cannot be obtained at a high yield, and when more than 
5000 u/mmol is used, remarkable improvement in the effect cannot 
be expected and therefore such amounts are not preferable. 
[0015] 

The reaction temperature of the esterif ication reaction of 
the present invention is preferably 20 to 50°C. It is inherently 
preferable that enzymatic reactions are performed under 
conditions such as optimum temperature or optimum pH which 
respective enzyme lipase has. However, reaction temperature 
higher than 50°C is not preferable because deterioration of raw 
material free astaxanthin used in the reaction is accelerated. 
In the meantime, the reaction temperature lower than 20°C 
decreases activity of lipases, the reaction rate reduces and 
therefore such temperatures are not preferable. 
[0016] 

Organic solvents may be used at the time of the reaction in 
the present invention. Non-polar solvents are preferable from 
the viewpoint of stability of lipases at the time of the 
reaction. Specific examples thereof include n-he.xane, benzene 
and tetrachloromethane . Although these solvents can be used, n- 
hexane is preferable from the viewpoint of safety such as 
toxicity. When saturated fatty acids having a high melting point 
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such as palmitic acid and stearic acid are used for the reaction 

in particular, it is effective. 

[0017] 

For the reaction time of the enzyme reaction to be performed 
in the present invention, 12 hours to 48 hours are desirable. 
When the reaction time is shorter than 12 hours, the reaction 
does not sufficiently proceed and when the reaction time exceeds 
48 hours, astaxanthin fatty acid diesters having remarkable 
improved purity cannot be obtained, and accordingly, such a 
reaction time is not preferable. The reaction may be preferably 
performed under an inert gas stream such as nitrogen and argon 
to prevent oxidation deterioration reaction of fatty acids and 
astaxanthin in the present invention. 
[0018] 

Since the reaction in the present invention is a reversible 
equilibrium reaction, water which generates with progress of the 
reaction will be a factor which inhibits the reaction. As for 
the water content at the time of the reaction, 200 ppm to 1000 
ppm is desirable in the present invention. When the water 
content is more than 1000 ppm, main reaction shifts from 
synthetic reaction to decomposition reaction and the purity of 
the astaxanthin fatty acid diesters is lowered and accordingly 
such a content is not preferable. When the water content is less 
than 200 ppm, hydration water which lipases have for stability 
will be removed, leading to inactivation of lipases and 
accordingly such a content is not preferable. It is preferable 
to perform bubbling with an inert gas or evaporation under 
vacuum when no organic solvent is used or alternatively to 
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perform adsorption treatment with molecular sieves or the like 
when an organic solvent is used so as to remove water by-product. 
[0019] 

[Advantages of the Invention] 

According to the production method of astaxanthin fatty acid 
esters of the present invention, in which a lipase is used, 
reaction can be conducted under a mild condition and fatty acid 
esters of astaxanthin can be produced with a high yield without 
causing decomposition of the raw material astaxanthin and so on. 
[0020] 
[Examples] 

Hereinbelow, the present invention is described in detail by 
way of examples. Measuring methods used are shown below. 

<Measuring method of lipase activity without carriers > 

Ester synthesis activity of lipase was determined by the 
following method. 100 \xL of an enzyme aqueous solution was added 
to a mixed solution of 1 mol of oleic acid {purity 99%: Extra 
Olein produced by Nippon Oil & Fats Co., Ltd.} and 1 mol of 
glycerin containing 10% of water and stirred and mixed at 500 
rpm at 37°C for 10 minutes. The activity was calculated from the 
decrement of the oleic acid. The activity consuming 1 pmol of 
oleic acid for one minute is assumed as 1 u (= unit). 

<Measuring method of immobilized lipase activity> 

Ester synthesis activity of lipase was determined by the 
following method. 10 mL of n-hexane was dissolved in a mixed 
solution of 1 mol of oleic acid {purity 99%: Extra Olein 
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produced by Nippon Oil & Fats Co., Ltd.} and 1 mol of glycerin 
containing 10% of water and supplemented with 1 g of immobilized 
lipase and stirred and mixed at 500 rpm at 37°C for 10 minutes. 
The activity was calculated from the decrement of the oleic acid. 
The activity consuming 1 urnol of oleic acid for one minute is 
assumed as 1 u (= unit). 

<Analysis method of astaxanthin> 

The analysis of astaxanthin content was performed with high 
performance liquid chromatography under conditions shown below. 

Machine type: high performance liquid chromatography 
{hereinbelow abbreviated as HPLC, 8020 system produced by Tosoh 
Corp. equipped with Hibar column LiChrosorb Si 60 column 
produced by Cica-Merck Company}; 

Mobile phase: n-hexane: ethyl acetate: acetic acid = 50:50:1 
( v: v: v) 

Flow rate: 2 ml/min 

Detection method: UV-visible absorption spectrum at 492 nm. 

As a result of analysis under the above conditions, 
astaxanthin fatty acid diester, astaxanthin fatty acid monoester 
and free astaxanthin are respectively detected in the vicinity 
of 2.3, 3.9 and 5.2 minutes in retention time. The total peak 
area of these three kinds of astaxanthin is assumed as 100% by 
weight, and respective peak area ratio was calculated as 
respective composition ratio (% by weight) of astaxanthin fatty 
acid diester, astaxanthin fatty acid monoester and free 
astaxanthin. Ester synthesis activity of enzyme lipases used in 
the examples was shown in Table 1 . 
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[0021] 
[Table 1] 
Table 1 



Abbreviation of 
lipase 


OF 


SP 


AC 


Pane . 


Product name or 
commercial product 


Lipase OF 


Lipase SP 382 


Lipase AC 


Lipase II 


Manufacturer or 
distributer 


Meito Sangyo 
Co. , Ltd. 


Novo 
Industries , 
Ltd. 


Asahi Kasei 
Industries , 
Ltd. 


Aldrich 


Origin of enzyme 


Candida 
Cylindracea 


Candida 
Antaretica 


Chromo - 
bacterium 
viscosum 


Porcine 
pancreas 


Ester synthesis 
activity (u) 


3800 


300 


2000 


1500 


Carrier 
(note 


Presence 


Contained 


Contained 


None 


None 


Kind 


Chitopearl 


Unknown** 


Celite 


Celite 



Note 1*: Both of those containing carriers and not 
containing carriers are shown. 

** : Commercial product in which the kind of carrier is 

not known . 



Note: Both of those containing carriers and not containing 
carriers are shown . 

As for those containing carriers, immobilized lipases were 
prepared by the following method. 

<Lipase immobilized on celite> 

Lipase having a weight corresponding to 1000 u synthesis 
activity measured by the above method was dissolved in 20 ml of 
purified water. This lipase aqueous solution was mixed with 100 
g of Celite 535 (produced by Kanto Chemical Corporation Co., 
Ltd.) and immobilized. After immobilization, the mixture of the 
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lipase aqueous solution and celite was air dried at 25°C for two 
days and then dried under vacuum for eight hours to prepare 
immobilized lipase. 

<Lipase immobilized on Chitopearl> 

50 g (wet weight) of Chitopearl was suspended in 400 ml of 
12% glutaraldehyde and stirred and mixed at 0°C for 60 minutes. 
After glutaraldehyde was washed away with sufficient amount of 
purified water, an aqueous solution in which lipase having a 
weight corresponding to 1000 u synthesis activity measured by 
the above method was dissolved in 100 ml of purified water was 
admixed and stirred at 37°C for 30 minutes to conduct 
immobilization. After immobilization, the mixture containing the 
lipase was air dried at 25°C for two days and then dried under 
vacuum for eight hours to prepare immobilized lipase. 
[0022] 
Example 1 

0.12 g (0.2 mmol) of free astaxanthin (Roche Corporation) 
and 0.282 g (1.0 mmol) of oleic acid as a free fatty acid were 
weighed in a glass bottle for reaction. 500 u of Lipase OF 
derived from genus Candida was added thereto and reaction was 
conducted while the solution was stirred and mixed. This 
solution was sampled 24, 48 hours later after the reaction was 
conducted and the composition ratio of astaxanthin was analyzed 
by HPLC. The results are shown in Table 2. 



- 17 - 



[0023] 

Examples 2 to 8 

Reactions were conducted following Example 1 except that 
conditions such as addition amount of free astaxanthin, kind and 
addition amount of free fatty acid, kind and addition amount of 
lipase used, immobilization or unimmobilization , presence or 
absence of solvent used and reaction temperature were changed, 
and the composition ratio of astaxanthin was analyzed by HPLC. 
The results are shown in Tables 2 and 3 . 
[0024] 
Examples 9 

20 g of an astaxanthin solution (note 1: product of Nippon 
Chelate Company) of the following composition extracted from 
shrimp shells and 100 ml of n-hexane were weighed in a glass 
vessel for reaction, 2000 u of Lipase SP382 was added thereto 
and the mixture was warmed to 40°C and stirred. This astaxanthin 
-hexane solution was sampled 24, 48 hours later and the 
composition ratio of astaxanthin was analyzed by HPLC. Note 1: 
Astaxanthin solution: The weight ratio of astaxanthin is about 
0.2% of the total liquid. The composition ratio of astaxanthin 
was 2 5% by weight of astaxanthin fatty acid diester, 5% by 
weight of astaxanthin fatty acid monoester and 70% by weight of 
free astaxanthin. About 85% by weight of free fatty acid and 
about 15% by weight of triglyceride are contained in addition to 
the astaxanthins . 
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[0025] 
[Table 2] 



Table 2 









Examples 








1 


2 


3 


4 


5 




Astaxanthin (a) 
(nunol) 


0.2 


0.2 


0.2 


0.2 


0.2 


ion 


Kind and amount of 
fatty acid (b) 
(mmol ) 


OA 
1.0 
(99%)* 


LA 
2.0 
(99%)* 


EPA 
1.0 
(99%)* 


DHA 
2.0 
(95%)* 


Y-LNA 

3.0 
(90%)* 


condit 


Kind and activity of 
lipase 


OF 500 


OF 1000 


SP 500 


SP 3000 


AC 2000 


Carrier of lipase 


None 


tniLopeari 


unknown 


Unknown 


ceiite 


3tion 


Kind and amount (ml) 
of solvent 


None 


v* — nexdne 
20 


N - hexane 
30 


N- hexane 
50 


N- hexane 
30 


Rea< 


Molar ratio (a/b) 


2/10 


2/20 


2/10 


2/20 


5/30 


Presence of nitrogen 
gas 


Yes 


No 


No 


No 


No 




Reaction temperature 
(°C) 


40 


25 


30 


40 


50 




Contents 


Diester 


50 


49 


22 


32 


38 




after 24 


Monoester 


16 


4 


36 


27 


19 


hours 


Astaxanthin 


34 


47 


42 


41 


43 


C » 


Contents 


Diester 


61 


55 


53 


56 


57 


< s 


after 48 


Monoester 


8 


2 


7 


10 


1 




hours 


Astaxanthin 


31 


43 


40 


34 


42 



Note* Purity of fatty acid is shown. 
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[0026] 
[Table 3] 
Table 3 









Examples 








6 


7 


8 


9 




Astaxanthin (a) 
(mmol ) 


0.5 


0.5 


0.5 


0.07 




Kind and amount of 


AA 


PA 


CO 


SH** 




fatty acid (b) 


5.0 


3.0 


5.0 


2.0 


c 

o 


(mmol ) 




(90%)* 


(95%)* 


(99%)* 




>ndit: 


Kind and activity of 
lipase 


AC 3000 


Pane. 1000 


Pane. 2000 


AC 200 


o 
o 


Carrier of lipase 


None 


None 


Celite 


Unknown 


a 
o 


Kind and amount (ml) 


None 


N-hexane 


N-hexane 


N-hexane 


eacti 


of solvent 


50 


30 


100 


Molar ratio (a/b) 


5/50 


5/30 


5/50 


7/567 




Presence of nitrogen 
gas 


Yes 


No 


No 


No 




Reaction temperature 
(°C) 


45 


35 


35 


40 




Contents 


Diester 


46 


29 


27 


45 


£ W 


after 24 


Monoester 


15 


35 


38 


31 


hours 


Astaxanthin 


39 


36 


35 


24 


S » 


Contents 


Diester 


56 


49 


52 


67 




after 48 


Monoester 


11 


15 


25 


13 




hours 


Astaxanthin 


33 


36 


23 


20 



Note: *Purity of fatty acid is shown. 



: **Fatty acid derived from oil and fats extracted from 
shrimp shells 



[0027] 

Note*: The abbreviation of fatty acids are as follows. 

OA: oleic acid, LA: linoleic acid, EPA: eicosapentaenoic 
acid, DHA: docosahexaenoic acid, y-LNA: Y- lin o!^ ni c acid, AA: 
arachidonic acid, PA: palmitic acid, CO: free fatty acid 
prepared from corn oil 
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[0028] 

Comparative Example 1 

0.12 g (0.2 mmol) of free astaxanthin (Roche Corporation), 
0.282 g (1.0 mmol) of oleic acid as a free fatty acid and 50 ml 
of n-hexane were weighed in a glass bottle for reaction. 0.1 g 
of p- toluenesulf onic acid (PTS) was added thereto as an ordinary 
esterif ication catalyst and reaction was performed while the 
mixture was stirred at 40°C. This solution was sampled 48 hours 
after the reacted was conducted and the composition ratio of 
astaxanthin was analyzed by HPLC. As a result, no peak was 
detected in the vicinity of 2.3 and 3 . 9 minutes in retention 
time which correspond to astaxanthin fatty acid diesters and 
astaxanthin fatty acid monoesters. Only a peak was detected at 
5.2 minutes in retention time corresponding to raw material 
astaxanthin . 
[0029] 

Comparative Example 2 

0.12 g (0.2 mmol) of free astaxanthin (Roche Corporation), 
0.282 g (1.0 mmol) of oleic acid as a free fatty acid and 50 ml 
of n-hexane were weighed in a glass bottle for reaction. 0.1 g 
of p- toluenesulf onic acid (PTS) was added thereto as an ordinary 
esterif ication catalyst and reaction was performed while the 
mixture was heated to reflux at 68 to 70°C. This solution was 
sampled 8 hours after the reacted was conducted and the 
composition ratio of astaxanthin was analyzed by HPLC. As a 
result, no peak was detected in the vicinity of 2.3, 3.9 and 5.2 
minutes in retention time which correspond to astaxanthin fatty 
acid diesters, astaxanthin fatty acid monoesters and free 
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astaxanthin. After the reaction ended, astaxanthin was extracted 
and the concentration thereof was measured, which revealed that 
astaxanthin decreased to 21% by weight of the addition amount 
before the reaction. 
[0030] 
Example 10 

0.12 g (0.2 mmol) of free astaxanthin (Roche Corporation) 
and 0.282 g (1.0 mmol) of oleic acid as a free fatty acid were 
weighed in a glass bottle for reaction. 500 u of Lipase OF 
derived from genus Candida was added thereto and reaction was 
performed while the solution was stirred and mixed. This 
solution was sampled 12 hours after the reacted was conducted 
and only the fatty acid monoester of astaxanthin was taken out 
by HPLC. The fatty acid monoester of astaxanthin was used and 
supplemented with 500 u of Lipase OF and reaction was performed 
for further 24 hours and the analysis was performed as above. As 
a result, the astaxanthin fatty acid diester was present in 80% 
by weight . 
[0031] 

It has been understood from the above results that the 
method of the present invention which uses a lipase in the 
reaction enables synthesis of astaxanthin fatty acid diesters 
with a good yield. 
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